training. Flies were moved to 29° three hours before olfactory conditioning to induce 12 to 24 h, T3 was 24 to 48 h and T4 was 48 to 72 h after training. For each time time interval the heads of the flies were collected. Genomic DNA was extracted from 2 4 0 heads and digested with the restriction enzyme Dpn I, which cuts at adenine-2 4 1 methylated GATC sites. Methylated fragments were PCR amplified and DNA was 2 4 2 prepared and sequenced using Illumina HiSeq3000 with about 30 million paired-end 2 4 3 reads per sample in average ( Figure 1C ). Next, we calculated the log2 ratio between given gene locus ( Figure 1C ). We further calculated for each gene from a given 2 4 8 condition at a given time interval expression values and false discovery rates (FDRs).
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The FDR value represents the probability of having a given expression for a given expressed in case of a positive log2 ratio and a significant FDR value (FDR<0.05).
5 3
To find differentially expressed genes between paired and unpaired trained groups, were upregulated and 40 were downregulated in the paired group compared to the 2 5 7 unpaired group ( Figure 1E ). For T2, 115 genes were significantly higher expressed in genes were found at T3. At the last time interval (T4), we identified 75 genes with (Table S1 ). To identify genes that regulate long-term memory formation, maintenance and 2 6 5 forgetting we screened candidate genes for LTM defects using MB-specific UAS-
RNAi. We selected a total of 33 candidate genes based on their expression profile in 1 1 positive regulators that form or stabilize memories as well as negative regulators that 2 6 9 hinder formation and maintenance or actively remove memories. We therefore 2 7 0 generated a ranked list of differentially up-and downregulated genes for different 2 7 1 time intervals (Table S1 ). The ranking was based on the median gene expression 2 7 2 differences between the paired and unpaired group. For T3 and T4 the six highest 2 7 3 ranked genes as upregulated and downregulated were selected. Since no significant 2 7 4 downregulated genes were identified for T2 we selected the top ten ranked 2 7 5 upregulated genes at T2. We further selected eight genes according to gene transcription factor activity (E(spl)mβ-HLH, Cdk7 and Hsf), actin cytoskeleton vesicle docking (Syx8) and a gene implicated in LTM (Hn). RNAi lines for 3 h memory, in which 42 genes that enhance memory were identified.
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Three of these genes (amon, prt and hacd1) were differentially expressed at T2, T3 2 8 3 or T4 in our experiment, which we added to our selection of candidate genes. Those three genes could possibly also be negative regulators of LTM. Flies expressing UAS-RNAi under the control of mb247-Gal4 were trained using the 2 8 6 same appetitive olfactory learning paradigm as above for TaDa experiment and LTM 2 8 7 performance was assessed 48 hours later. We chose to test for 48 h memory to sequencing data allowed us to identify changes in the transcriptome at the whole- performance. Thus, we confirmed four out of 33 candidate genes as novel genes in 3 9 7 memory formation, maintenance or forgetting. It is important to note that UAS-RNAi Interestingly, we found nine candidate genes with enhanced LTM performance.
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Reducing the effect of the microRNA mir-282, by using a miRNA sponge construct, Drosophila. While inhibiting mir-980 showed enhanced short-term and middle-term 4 1 2 memory, mir-276a has been described to be necessary for LTM formation (Li et al. found that five of the top 25 target genes are reported to be involved in learning and 4 2 2 memory (Betel et al. 2008 (Betel et al. , 2010 (Table S4) . Glasheen et al. 2010). In rats, it was observed that MMP-3 and -9 increased learning- plasticity (Härtig et al. 1992; Pizzorusso et al. 2002) . PNNs were shown to participate 4 4 9 in memory mechanisms and modifications of PNNs can enhance long term memory 4 5 0 (Gogolla et al. 2009; Romberg et al. 2013; Hylin et al. 2013) . Digestion of PNNs 4 5 1 mediated prolonged long-term object recognition memory and the same prolongation It has been suggested that long-term memories could be stored and maintained in domain that catalyzes the removal of a phosphate group attached to tyrosine.
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However, it has not been tested if this domain is functional. Future studies will be 4 9 9 required to reveal the molecular mechanism of Hacd1 in LTM regulation. and VDRC stock center for fly strains. We also thank the Next Generation Performance Index ( 
